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&—&Wfi&Mffl,7&!&ft ' *§Hi i^|^f£ll*±%fii^^tt(Peak-to-Average Power Ratio - 
PAPR)^#i^f^^5(Jfff[BlMmKlE5i(Forward Error Correction - FEC)ffi&m&M&&ffi 




In a multicarrier communication system, parameters related to peak-to-average power ratio 
(PAPR) are protected by forward error correction (FEC) and transmitted through a plurality of 
reserved subcarriers. According to the system and method of the present invention for 
protecting and transmitting the side information, the modulation of the protected side 
information is separately proceeded with data modulation, and the related parameters for 
PAPR reduction are derived from either the data modulated signal or the data plus side 
information modulated signal. 



(-) • 





ofdm m n 



10 
30 



100 



PAPR £t £fe 5t & JL 200 



JL 300 



era 



400 




J \ \ \ 




<frrr. 
flil" 



{ 



5 



(Discrete Multitone • DMT) & j£ 3t ^ *C £ X 
(Orthogonal Frequency Division Multiplexing » OFDM) 6^ £ j& ii. IK, % 
& , g_&-$r& • $L-t — titftrfaU. tfc ±3 fl[ 3& 

th (Peak-to- Average Power Ratio » PAPR)#f flt ^.#1 1H. 4 #] fatLZLtif-Hi 

2 X(OFDM)^ p ftfcj&tfc & *t & i& i& IK. & ffl t «t 51 T^^^ii 
& ' it * '35 ifc it m ^ m *fr *» : tt^^ ^ 5|- (Digital Subscriber Line • 
DSL) - *L©$t4fc##Kdigital terrestrial broadcasting) - 
(Wireless Local Area Network • WLAN) - & ^4fp ^f- Wireless 
Metropolitan Area Network » WMAN) - 4£ $ 3E iS. -fa (Dedicated Short 
Range Communication • DSRC) & &l & ^ ii. tfl. (power line 
communication)^^ ° ^fl#T£#AT — #^fT$&ii*R.'#.£.$l 0 £ 

#&ia 4ft*. i **-*Mf — Hi & f- # & ^ I* A A £ "k^fttf}^ 

If M ifl - ' IS - f O F D M # it £ ^. 

It >$r & a o £ — OFDM -ftx&Ht'f"*!-*.^**- — OFDM # tL (symbol) 
ia^^^/f it±ftfrn%$- X[k],k=Q, 1, ...,iV-l ■ »$/j£(S/P)#& 10 
H ' If & iV ,f& i& # Jt 31 # 4& (N-point Inverse Fast Fourier 

Transform » Af-IFFT) 20 - # & jfc/ $ (P/S)# ^ 30 AA^T^^*tBfW 



x(n] = -L|'x[fc]<, n = 0,1, J\T - 1 (i) 



W Af »e J ' 2 * /Ar (2) 



-5- (twiddle factor)o * ft *«. a^F W * ?'J *[«]#4rM 

i& -» lidT X # A. 40 (cyclic prefix insertion)^ • it If tb#^ 50 

— llfch-ff ^ x(f)° x(t) ft RF ifrJ*>* 

it — #^3£ ' fe^IQ18ft(IQ modulation) > *h^(up conversion)^. ^ 
4&*.(power amplification) # ° t£ m fcbff 3& x(f)4L P APR it # fcb # 4ft 
¥j m & Bf W it 4fe jc[«]4l PAPR dB • Q jtb — *t4p^ *[«//?] 

4: PAPR 4S. s£ ; ^jtbx[«/i?]^^ * x[«]4L£te^*M&(oversanipling) 
^f^#^^?'J • * #f # x(0 41 it PAPR 0L 4? 

2 

max x[n/i?l 

PAPR = Q stts£w-' !_ w ) 

E{|x[n/i?]| 2 } 

& t £{•} 41 7F#13t lifting £>4 Bf . mi£bXiM.fol®t^*$. ° 

m ft ' &.m f a At^i#«fc»4i— 4^ ft -ft « *(o 

ft PAPR fii^^ o -t * PAPR flL 6$ H ft #4fc RF tfdJB* . ifcbf# 

•l± * •£ it & ^ * « (in-band) l£^£jL^^&f&^#- (Bit Error 
Rate • BER) -ff- $ • iJ&J.-t*5|jl&«*^^lfet*Li& (out-of-band 
radiation)(i£ # A $k tf # £)*a $ &*i $P ft jK it -f-* A it & * * ^ 

&^ K 4-^ %&J& • *b F-l 31 & T It * PAPR ft-te ' £ t 



— m A S 35 (block coding) 5$r& - ^gl^^^*#.t<f 

PAPR{t(-&4 3dB)o m*b m^pfttft^ii'&f-ftngiJttfjtfk 

0,1 m ^3 41 # 4± 4£ t£ 2T ° i&ft fclft^ M. (constellation)^ * ^ & 

3 — & # P APR fif - # & • # # (clip)^s ift £ — # £ to # H £ 

at >*-r^t fttt*tt#st4i*#«»££.teJFtf — m papr 

RH&^&#K3-li * & £ * # Sft. AI*] 21 *i to > 4fc t£ J& £ # -l±- 
#T i& # <Kf*3 £ ft 41 PAPR to - ii*C>& &^*P^#*fr/f*J (Partial 
Transmit Sequence • PTS) - it # -f± (Selective Mapping • SLM) * -g- 
jW-ft g(Tone Reservation • TR) - -f-^>i^(Tone Injection » Tl)ZL$<.m 
$# (pulse superposition) ^ ^ • r?ft £ si* ^ & + » £p $r ?'J (PTS) 

A* PAPR ft-te'ttfe-t I # ° 

*J- PAPR • PTS - SLM Wf4^T*f. • & 

*f-J6 6$#4fcg # * it # iH ** & ft- 4& PAPR Bf M 1ft t-ftfo ft Ml ft M. ft 
( fcj : £ gfc ft to # 4± ) • ifc f- # £ th ft to A A #1 m A (side 
information) • E ffl & i£ ft &. & 46 tf-#3ft. ° ® *b • #^T^#j1K. 

t*4-M ffl- ' # # *F £ S # 9fl -M'J % 6,125,103 ft t^S — 
ffi PTS 3T&# OFDM # i£ g 41 3" & BH ° "T iV 4l$frx t" # S 

^ x = [x[o],x[\], ...,x[N-i]] T tifrA l mfrfrMj-z- S4fc(jS.ia) • 

A x b x 2 , .., Xi • & ifc # * Ji 3 6^' T '^7F^ji:#i. o ■^tj^-^r^T 

>X 4 £l£ (interleaved) - $p ^(adjacent) - ^ (irregular) # £ ° m L 
i® g tii&gfcte iiLtit®. J_ft — MtVkfy &T*\ it ft : 

X = t^X ; (4) 
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jC[fc] = J]fa ; X i [fc], /c = 0,l,...,iV-l 



b l i%J%#r% X/ (/ e {1,2, L})Z_H <SL^# £ &(ti : 

| 6/ | = 1) ° 5^(5)*§. iV-IFFT 20 J. ± 



^E. jfc */[«] & ^ *h AiM-ft iV-IFFT 20 ig % ° PTS # A 4a -fit 

&te-fb 60 4#£3£ & ¥j tela. {b u b 2 , 6i} • fc#x[n] (j£/ 

30 JL^kit %t)mnfe^m*>it fcZ. PAPRtfL*** ° 

' b t fa fa 1 m ±- ^1 2 ;t:^#l&##*fcte*4*{27i:m/M, m = 

0, 1 M-l}*ti*tt- ' PAPR 

T ' b x m & bi = 1 ° ^Jt • & tfc jk fa fa ZS.&tff* f'\ {b 2 , b 3 , 6 £ } 
£-t-4Mf *,(3)# M (i_1) ^' L -3L AfflL*e*. •«■*§>{ 6 2 , b 3 , M 

# • MM Jfc » it# PAPR f£i&$titW%k-Ai& ° 

+ ' ^^lJ.^^? l J{^ 2 ,^3,..-,6 i }^'t^* , J^^^#^ 

SUb ■ 91 & # — * 4& 4t I* * to * # 2r * • 
g * A & # #) A iE ra af t£#J tfl, it 0 *b * *r ^ # ^-fiHT ^ « 

At^te PAPR Rfr'f&SfcJSfc ° 

^ t$#l 1R. A 2r * • ft&W-m. & #> # M ^ f - # >7ft & **■ 0l ^ ^ tt 




(6) 



(PAPR) 6fj fa Hf m ft Z- K % ° «--W IK A # II * ^ * * £ 
(Forward Error Correction, FEC) >M#1i ■ J-lf * # 

&*:;*;£ ' & 4* # * *}- 1H £ -ft $LZ. PAPR4i(PAPR ft- Sfc Jfe * # 4ft 

jf+hfit^WKAmftft 464: PAPR {i ( *M Ite -fr papr RH&afc 

if m^ft^'ftfe&&& a A~&&&1?fcWZ- OFDM #ii£ 
S^-*B«— OFDM^f7t^^4:^^^f'J^#X[^],^ = 0, 1, .... iV-1 » 

*i 10 4iE?'J t-*r X • tt£*J X * PAPR JL 

200 # OFDM 34 £S 100 ' J. £ f- 4+ # £ 'ft 3£ x D ° t£ 

PAPR it * £ & JL 200 # f - #34 £ -ft * x D *. £fe £ — & it t 

#] PAPR ■ £*«&£itx£J. OFDM m« H 100 • vXWi&ik 

PAPR F£ ^ it £ & 1. 200 £ — &£ift## PAPR 

It ■ -S-X&J. OFDM St H 100 J. £ PAPR £te # jf+HH £tt ft 
x D - -frjtt • it #1 PAPR £ & * £ & • # flfl **- 3£ & <f± 

¥j PAPR ^tt^lK-fc > & & #1 tft & • ffr«**Jt«. 

fcx D f&& 400 — * +|-w*"Wt«.A«*flr « 
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P\x[n] ; £t ' *, & tfi. & & it ft 5. to & # 'OFDM^-ftf! 100 ^ 
ff? & ^ g iH® £ # & 1£ W 1ft A ' ft*|<l^-tli^*|^^ftt# 

**ATi:^^ ' °£ PAPRI*te&fe#B>fexMtfc£mftte&x s .«7 

tf ^# a eg . 4fc « ?f 4fc # 91 % — « 4£ 1f 3fc #J Z- OFDM 
H ffl ° ■*» isi -t — *£ 1f afc fcl ' — OFDM # 7Gi&#3 i*J # >f ?>J f-fl- 
X[k] , k= 0, 1, JV-1 • & 10 Aife^J f-fl- X » # jfcfl f-fl- X 

& jL^f- PAPR flt -fe ft X 200 OFDM Wi ft B 100 j&S & ±— it ft PI ft 
««fex D » *t • « OFDM Hft'H 100 fllit^ fifitte^lK, 

#&r#i «. a «» ¥j —t few * *itft iK, a n^it^x^j 

Jt± ' PAPR ^ftl 200 & j* it # «t * *b 60 ^IJWJVJ > * 1£ 

PAPR £ it & 5t & J. 200 PAPR 1$- <f& # it ifc JL 

OFDM ft fi 100' = ##^ft-ff ^fex D ' I s ] B%-i%iR PAPR RM&#. 

ifctftt&(^W*ft&)«*'MtR.&*fl**iqft&i 300 ^gii- #m 
AWft-ftttSj • ^^tb tffrmAmftte « x, ^M- ft «■ *fc2 0 lft* 

— * E 400 iki-tftm^m^^n^it^x • ^^^^fl-ivt^m 

Amftff txHi/$ 30 4iS£#tBf W 4 J*J x[n] ° ^ifcb > m'fttfi%L 

PAPR l*^4 L ifc**jE.^>A&*^j£^^**:«*M^^x[/i]4i 

PAPR flL-fc. • • ifc — If «fe^J^f1fSL^ &*t*>F& • $f 

*Ms-f£*T PAPR ^t^fbl#^^#m,|^T«f«l| ' «*1f «fc&# 

4 7 tJl^^^^It'^f a ^ * & *■ ;T * fl£ St PTS ;5r>&A*£W 

PAPR.I^-^^^^^lf «fe ' ^aft^f t J IfttAiilTJl^^ 
-ft PAPR fl-t^ii^Ttf *^^f 8 ^ t ° 

• #te#H Z-0T^^fcfrU£ft PTS OFDM # 



n 



i& B • i£— ^U. ^ OFDM ifi ft a 100 * PAPR £ £. Jt 20(T 

*W tK. » fl| ft ft X. 300 4l1f:Sfe2r&B ' *t PAPR 
£ 200 >&5t*IIW# PAPR I*te£&'ffcte4fctt OFDM ft H 100 

*ir * * # m ft # *fc x D ^ papr a. & & ik ft i® & & n {b u 

b 2 , 6 £ }o^ _t#f 'PTS ^ & & 4 ft 4Mb to £§. ;f {6,, 6 2 , M 

8f • 6/ 4i to # # 1$. *•] fi^ * ft. -tt * ^ { 27cm/W, m = 0,1, M-1}^L — • 
3. bi^m^A 1 ■?& =M* Sfcte-fr PAPR HH&afcSfe ° >^.T • 4**L a /l IM 

to &L^Jf ?ij {£ 2 , brfft&W IK. H * -fB 6? * ft 

63, 6£>#4fc#Ja — 1 *.^4t • * t / e {0, 1, 7-1} • 
JL / &^&m{b 2 , b 3 , b L }z.m#fciit$z&z.$k.J: ° n%Lfe$L^-JT& 

JnT > I = M (L ~ {) • # fc- * 4fe & 4 * «ft T • I *Tfe ^ - £ — 

fc^X L = 4 (o^B-f- £ 5. M = 2 (6/ e {±l})^^:#^4 : ^*(/ 
= 2 3 = 8)^*j-^fe1#^^^'J ' * t — i£*J to7t{0, 5. tt ft. 

{ + _i} o ffc#*b*|-,!fe#4fc ' 1T2fc-t*£ PTS ^r^^j PAPR ft-te*-*:* 
%L$LM. 200 & ^ #1 to ft "fb 60 i^fttlH 70 • IS *l to ft. *b 60 
«i4jt**HHft«' «x D afeJt — it* #41 # i« ^7t^4ato#^e 70 *J tfc^ 

ttttft 7 J.£&#m#*ato*jL^;f ?>] (6 2 , 6 3 , M • ofdm ^ft 

~tik)tf)teiSL&&%H{b 2 , b 3 , b L ) » jfcBf /iffil^ili 1 £ 

# id g #r iS ffi ^^itoM^^f'J {i?2, 63, 6i> • B • ^ti^atoli. 
^^?'J{*2, 63, .... & £ }#X'fl£'flfcfclt**MS4* i s flfciSirt«ii«H*fti£(FEC) 
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£ 300 — WiHAHIfii &x, ' «4H*R.&»fll4l*1H£&I. 300 

fec ^ ft tl W & ife #J Jt & ft #1 mAflt ' #f « tR, A & ^ 

#*!£&JL 300 & FEC <8S 3| ft 310 • fli j& 3£ *S & is & FEC 

.^.^ ; — ttHLfkJ&B 320 (symbol mapper) • ^t2U§# hZ-$&W&. 
ft it M. Kte&HLidi, d 2 , d K } » t£ Ki®ft$t{d { , d 2 , d K ) 

# M & 7V-IFFT 20 J^mn^. M.M$-{pi, p 2 , •-, #48# 9 =£$U& 

# W A — ?&>J + ' #J 1R- A 4a M # # 4t {d { , d 2 , d K } B — & *h t 

*tfo'y • EUb^r^ W-IFFT20 1® ft M^{puP2, -,Pk} 

tab ^ ft&Jttf) #05 ibll&ftZ-^fr W-IFFT330 > tit ffi fb 

i& i£ # & « x£ o 

4& 4r # M ffl * ' # #.4*: 9 £.m^1tfofi'\ #j OFDM i& fi • IS ^ ffl ' 
^#®*M^&^*£&^S&4:fc*J#::fcfl "OFDMfl^H 100 
t¥r^i^t «x D ' £A^ D [fc]# iV-IFFT 20 ' *»T#T 

^ D ['c] = Z*' z X t [fc], fc = 0,l (7) 

& t 
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X[[k] = 0, for/c = p m , m = 1, 2, ...,K ( 
# # g ^ m *S"M ik 4 -^-fir i& ° £ — & ' #1 IK A *6 * & Jt 300 

J. £#l IK A ^ * *£ «t x s • * A XAk] tf] iV-IFFT 20 n £ • 



T#r^F : 

d_, for k = p m , m = \,2,...,K 



X s [k] = 



'm 

0, otherwise 



(9) 



IS 400 J. 4. f- # W fa IK A 1fl * it « A 



= 3c 0 [n] + x s [n], n = 0, 1, /V — 1 (10) 

£■ t ' 3c D [n] #> # ^ **■ f - # ^ • ^ 3c s [n] # # m #1 IK A ^l 5 y ^ ° 
ft 1*1 B£fi&^£flfl g ^ '#.^^(7)-(8)-(9)»7^^(10)^l^f iV-IFFT 
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X[fc] = X D [fc] + X s [A:]= ~" ' 



'd m , if k = p m , m = 1,2, K (11) 
otherwise 



5? . 



$f jfc f" ¥r m fa W tK & tft&lttit 5c[n] # $ft £ « # A OFDM & ifc 
9 -t #f 0 a OFDM # ilt £ ; ft # ifc # f-jf y[ n ] , & 

10 Ql >-fofr& £ iV ft * i£ # JL ft # 4£ (AT-point Fast Fourier 
Transform, N-FFT) 550 #*MbS 540 : & *t 

Pi, ...,p K }*- KUftV £.&&L±¥jftHL' * — #1 IK A $t Jt 500 it & 

& ofdm iM. n *& ft is /a # * <t & n { h\ , 6;,..., bi}°mmi&& 

500 : -tt$imnM s 510 • $^ft& ic^i^ 

iafcJi*.tb tf]ft$iMJ& ttJ * FEC ; - FEC #fl!2f 520 • 



ftfcmfr&ft&J&B 510 ^tB#j FEC tt*&4L^«*#fl* l±5 x s : ^ 

' — ^a^#^H 530 • ^^$fj$M^^£# is^-iS ifc+a^^^^ffJ 

{£*, d 3 *, b^} o S ,fc . OFDM #*&Hf^^#^^i^M^^f'J{b 2 *, 
bl, .... ft & ^*#'#*J*[*] 0 
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kjl T i£ — # VL W left it ffi # *& ® #V ^ & * # **■ * *■ ffi *b 



£ #] 1H. A #9 £ <f ft x s [«] #r & # ^ # A/"- IF FT 330 3& % H & JfL ° A >t 
£ «. a /J * it '. #i £ t" *t X A E9 fill -J- g = 4) • X#J in A & 4* & 4* 
£&JL 300 MsVate&Hiidi.di, d 3 , d 4 } (K = 4)8. * £ {/?,, p 2 , p 3 , p 4 } = 
{p,,/7 I +iV/4,p l +2M4,p,+3M4}^©^^^^:^^^ ' H'Hf ft * s [«] T 



7F ^ 

iV-l 



o 



« ft x. [n]fat£fc ft # -mZtiKUL x D [n] -tTflfel^f # W *» #1 IK A *! 



( 



= ^--^£d n+l Wr, n = 0,l,...,N-l (12) 
^ ( 1 2)« 7F T X s [fc] 41 AMFFT 20 If % X, T *£ & # II * — 4-IFFT ^ S ;T 

&T41 • H^(b)^*«fe X t 4-IFFT & a >F 41 & a? 48 & * H • ft 
t P\ = 0 Bf * S 4-IFFT ,&J£3r4fe # ° 0 A • & * J. ± x s [n] ¥j 
AMFFT 20 £ IE * # log 2 A^ it g #*(JV/2)log 2 iV IB jfc * it * • M 

.fc *f -Sp N-IFFT 330 ffi^fblf «fe&*'f£*i«#- pi - /?i = AV8 

-5. p\ = 0 % 8 -fa ^ * it £ >X & frM *kJ& ft (N+3) - 8 %l $L & 

# • it ;t ^ -ft ft 3c s [«] T It * — # 4i 4t (mapping table) ^#^1*1 
£ ' **^4t4t*^*rTfctt*&# i e (0, 1, 7-l}T*JfcJfc4**& 

#. • jfe & ifr n %l - *i *» if i& tfc *t (rom) ° » 

•li •?& ^ ^ -fb fiS ' -kafkfcpi =N/S 2L-\% fy& H^(c)t^f -fctfj&W 0 
^-t^^Ii/'f'F^f^J ' * t It -fe -fb 60 

/' & & & * i& ft t$ ' i£* o ^^^(10)^#JlH.,^^ 
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it x[n] Z_ PAPR ijL%i* ' fl- ftt A» -W IK 4 ^ ft If 5fc 3t[n] -t: PAPIT 
tt 1 Tfe-t-tbf-*Hflft'fr«E3e D [n]4l PAPR -fi ffi iij ° * ^(lO)^T^ . 
#1 IK A 3>J ft ft «t * s [n] ft & & * # it **S* # n ft ft ft 3c D [n] # & 

* . ?A ftfc PAPR fiM& it^'J £^£r 

^ papr RM&afcfe*. a # '^# a ^ 3 -m%Lik ! Kfcmz- ofdm^-^b 
jr%>®&m^fcmJL° ® ®*3 at ^Tfcfrwtft pts 

OFDM 'it— #^-^F PAPR RH&^&afcJt 200 >X£.<Mtft& 

.^^^^f tl 300 * afe >T 4fc H ' £• t PAPR 200 & * £ 

*ate£<(Mb 60 >\%%>fc't # W tK. & *l ft ft x[n] 41 PAPR 

PAPR ft-teafcfe o ' £.&&*lte&'&'fb • 

* — *j*Jt#*S# i e {0, 1, /-l}***J.4.«-/&^'WtaA*!ftff 

^ 3c s [n] » a ifc ' m JLft ^ tfjffcfrl frh ffl i^f ^ t£ 

«• at. 

#i&%t%L{d { , d 2 , d R }&{dg H , d^ 2 , d K } » #^#]|f 
& J. 4- £. & # ft { d£ +l , d^ +2 , .... d* {6 2 , 6 3 , .... M ° 

- & # in =. #f ^ Tfcw it m PTS ^■j*^ OFDM # 

iH If • it — H *a # J6 8 70 mHlR,£«*l*^ft&X 300 41^ 

— if^fe^r* HI ' * t^4a^#^H 70 FEC ^^^(#7f:4 FEC 

IH^fi 1 72)>X&- M-ary PSK B 71 ' t£ M-ary PSK 

H 71 *#*Mi FEC i&^f! 1 72 o *!■ ^ * ^ 4 ^ ' ^ FEC 
I 72 • Atf M-ary PSK if/fig 71 S'J — #r • * 

*]<fc7t{0, i}i^M'l#>&£ BPSK#ft{+i,-i} o # *&* 3: & & * ar & ' 
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TpKk L = 4 # M= 4 (6/ e {±1, ±j})Z.fa Afl <* # 



9 



^(linear block code ■ ?p f£ FEC $&*$B 1 72)*ftJ$ • ^■J.^.Ml^^T^. 



G = 



0 1110 0' 
10 10 10 

1 1 0 0 0 1 



(13) 



ftXi^^t^tttt^-jl* 1 ]^^ {00, 01 , 11, 1 0} #> #J # ^ f'J < 
QPSK ^F-St { -1, -y} ° 0 A • ffl + - ft # z # J£ & 1g FEC 

1 72 ft $ — » tt <«* • JL#f &. $. ¥j & M-ary PSK if 

' FEC & 0j H 1 72 ML & fa 

— £.8.1. 300 • H#IH,|.^^^f f i 

300 M & — #L <|- to /c. 1. £ S 315 • « ^#31— $8l £k % ~ 

; fftt^iiH 320 (symbol mapper) » ^tfet^itii 

fi 315 ^rii^il-li^^^^^t^l^t^i, <5? 2 , <%} ' ife-B- 

foi&nJ&ft%t#]M^{q 2 , qi, .... ?*}=Mt 7V-IFFT 330 H£jfe3L • it ' 
*Jjfr«&#fr]tfcA»*^^&##S^il&*#i&£. i # 0 Sib » & 
*b — 1f afc #J + • is * f$£§.#^{^i, d 2 , c^}&{& 2 , 63, 



KJL L = 4 - A/= 2 & 7= 8 # 2T * # ^. 











b 2 






* 


— iSL 7C 




bz 




0 


000 


00 


00 


00 


1 


1 


1 


1 


001 


11 


00 


01 


-I 


1 


• 

J 
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2 


010 


10 


10 


10 


• 

-J 


* 

-J 


• 

-J 


3 


A 1 1 

Oil 


A 1 

0 I 


1 A 

10 


1 1 


« 

J 


• 

-J 


-1 


4 


100 


01 


11 


00 


■ 

J 


-l 


1 


5 


101 


10 


1 1 


01 


• 

-J 


-l 


• 

J 


6 


110 


11 


01 


10 


-l 


• 

J 


• 

-J 


7 


111 


00 


01 


ll 


l 


• 

J 


-1 



#J?F*H - f^t^-ff «x 0 [n]4L N-FFT X D [fc]** ^(7)#f ^ .> £• + 4- 



X, [*] = 



0, for = m = 1, 2, AT 
/> , for* = ? / , / = 2,3,...,Z, 




(14) 



3E i 4-W IK A « ft -ft « x s [n] £ iV-FFT f§ 



X s [fcJ = 



d^, for k = p m7 m = l,2,...,fC 



0, otherwise 



(15) 



faJt>%Xk4li£ &/4L*fe* - 0 itb » * s*C(7) - (10) - (14)&(15)^r 

d TO , fork = p^, m = 1,2,..., -RT 
JPfr-fy, for k = , Z = 2, 3, L (16) 
X D [fc], otherwise 



X[fc] = X D [fc] + X s [fc] = < 



■ J_fiH& PAPR lM.Z-3kifctk &&%LUfti ° 



JUL 



*^*^^r* - + #f *F • & m^tfcWltft PTS 3r>& 

# OFDM # i£ H' • it— # 41 ^ *B to # >fc 2S 70 



300 £.3— *afc>5r4fcn • £■ t*ate&<fdHb 60 & )k%_&TA • 
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**- "k ¥r W tft A n%.iti& x[n] Z. PAPR tt. * * & 45 & / • J.« 4a to iT 

/IE 70 — FEC fl| H- (# FEC HI ^ S 1 72)>X & — M-ary PSK 
H' 71 M-ary PSK #B H 71 FEC Ifi ^ if 1 72 • 

ft ft &JL 300 315 • # 

a FEC *6 4*£ 1 72 %r ; — ^ttlH 320 (symbol 

mapper)' * it 315 ^.^l^^^^f rf 2 , 

d^} • & 3.fomi%MVt&tf]M^{q2, <?3, q L }iMT ^ y ^ W-IFFT 330 £ 
S ' Jfr* li # #1 IK & .#1 * *f SE. # 1£ @ =fc $ & # xH o £ 9 -f j=.#f 

J- ft * it (variance) A 1 # 16-QAM ° PTS 2r & -ft ^ HP 

E9iiH^- = 4) > J. M=2(b t € {±1}) ■ #Jfl*^4t4^T* 0 

tf<i)$L^&W B -I- # B -f- *f 3fcfrJ 'FEC 1 72 Jt -Mr 5^ T 

ifc ^ # & ' ft M-ary PSK tilE 71 l.'J 4fc ffl # 4t — 4l ^ ^ ir yk > 

7tJ.4.a 315 H'llt* 5^(13)^(6,3).$. <Ji g ^,^^^^.41 # 1 #=.$1 — 
it #'J<i 7C ft <?§ ^- IS 4£ # /L > jfc # J& *J =- -0 BPSK#$£{d,, d 2 , ^3} 
(i.e., K = 3) - «pjj&#*fc{<*i, d 2 , d 3 }&{6 2 , 63, 64} ( V^T = 1 ) *'J If * 
*C#-{pi,P2,P3> = {^8, 3M8, 5iW8}&{g 2 , ?3, 94} = {2M8, 4JV78, 67V/8} 
Z. A -fill =fe. & £ # iH ° PAPR F^teftJSfe^*.^'3e[n]('fitffl <(3))6^ra 
-fS- 5^*^.-5. 10 5 i® Monte Carlo Runs jgLtffe ° 

iB-h =.(a)^.-B-|-X(b)^^*J*5F* 128 1024 4B=fc$U&# 

OFDM # if #f # ^ PAPR I^-^^^tb (complementary 

cumulative distribution function • CCDF) Pr{PAPR > PAPR 0 } ° <£. B + 

it • A "ORIGINAL" #r # 41 A /I 4£ ffl ft- ^ P APR 1$- 

. * ■ • 
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*f ' ft *"PTS"^f#^^^#. PTS 

128) • *TJBL*A+#f ^f L *MH&^& PAPR ' NH& t 

& ' iK^a + i^JFf *■] ^ — # & -I- 7 papr nH& sfc & ° m «^ • 

£ — & > {b 2 , b Zt b 4 }3L& m it % If & n. A ±tt *fc 3c[n] (W = 
1024)»ift*| 4t JS ifi. it itt aft -=. -fSiS-^^M it &$M£ ' 

^i^it#iait ^JD^Hf f 14 = (5[«] + 0.5£[«-5] ° m&i&lt %ttiZik 
f #TT*>'fi6 Additive White Gaussian Noise - AWGN) ° 

A -f- © (a)£. A -f- E9 (b)^ A *j" # ^ -f - a it it & it it it ^ 

ft<m&^7t{b 2 , b 3 , b 4 } (^tf "CODED" ^ (Word Error 
Rate • WER) ° A fcb&M& » flttefl {6 2 , b 3 , 6 4 }^#J 1ft * $1 #■ 

{g 2 , 93, 94} ^ * * >& ) m %l ft ft & # * «. ^ a t(#*4 

"UNCODED"^.^) o 4^A + e9(a)>5. A + ®(b)t " 3 J" & • SNR = 5 dB 
Bf • ^^^^r^^^^^-^aititT^^ WER afcfett — *iit*»^ 
' ft *j-^^^iS#ii. it ftft^ftift # 0 %i%kt$: 

& # fcs «L efl -ff- # # *£ it t W Z- #. ' & ^^tf AiT ( 

lb n efc ft ' ft # a ^ # ^ •£ PR- ^ ^ * z. t~ &\ ft 1t * • *h 
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m — — & ofdm # m n ^ n8 # ^r«t h ° 

Si — -4 OFDM ££ If ^ ffl PTS if & Z. if B ° 
B A 4fc # — 1t afc frJ "41 OFDM # i£H >$r&B ° 

B w &,%<&^%:W % —m&L&TfcWZ- OFDM I - 
|i4Wi^^^f^l^ OFDM # i£ if 'it— #^^f £ & 

1**g - PAPR l^^#^:*^:^S.^#Jin^^^^^^^S^^^^ 

ffl ^ 4? B -=-#f ?F * 3fc#J fit OFDM # it B ' ffi fcft % tR, & 

f afe-W Z. OFDM # 4fc H & fl ° 
li/V(a) - ^v(b)&H/V(. c )A(a)£te;i$i^ p, &(b)«#- pi = MS 

ef ^^^iV-IFFT 6$ it # ^, ?f * B • &(c)#.#- p, = iV/8 B$ £4l — it 

4*)H£ 1^3c s [n]fit 4 1*J # & 4t 41 Jfc # 46 #J ^ & B - 

mfLAff<%$- B #T ?F tfoW ft OFDM # i* if ■ it — #4t^F PAPR 

B + A4&4&B -2.#f ^Ff ?fe^J^ OFDM ftiHB • it — PAPR 
ffl-h — A4fc4£ffl-h^5f: J f l $fe#Jfi$ OFDM # £& if 

A ^. * $ & fie. & #J # B ° 

B -f- A* # ■ & ffr^TfcW ft OFDM #iHH ■ it — 

PAPR JL^.^ — ItfaJrVL 

B + ^-(a)^.B + -=.(b)A*4tB + #lfl + ^-^t^^ir^fc^J *^#] * 
128 ^ 1024 01 A >& fi^ OFDM i£ B ft ft ¥j PAPR ^1 X ft % 4» y ^ 
jEi (complementary cumulative distribution function » CCDF) » 
Pr{PAPR > PAPRq) ° 



-h © (a)& m + (b) A M + M -h — #r ^ # f 1 afc-W ■ frW 



$ktk ^(Word Error Rate » WER) » 

i 

£/iE#4& 10 

iV-IFFT 20 

30 

m%.tt$.&^ 40 

50 

tete&'fcMb 60 
*1 to # ^ B 70 
M-aryPSK#^-H 71 
FEC & ^ § 1 72 

ofdm ^ a 100 

PAPR fa %L f. 200 

#1 1ft 4 tt ^ £ £ 300 

FEC 16 310 

foftfa ?t m. ± n 315 

If^tlS 320 

^p^iV-IFFT 330 

ia;iE 400" 

WtWtl 500 

fiHtmfkJ&B 510 

FEC^^H 520 

tetel^Jf 530 

540 

/V-FFT 550 
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&fT^#&*## PAPR fitted* ; 

*& fll *T ijt #1 tR. A ; 

fcJLttfli £ # sfc 4* # * fll -M tfc A ; 

W *» « tK. & £ 4fc * f- +1- H £ if « t ' >*JL£ — f- 
fl- W ;&* -OH *l £ 1H £ « *fc ' £ t 3jfi& PAPR I*- m. % ^ ift sfc ^ # 

— <K> papr tt^fl- 

2. t if jf.j & a ^ i tzmuL #\ tR. a # a 

# ft «U1 i * 4* * °" 

3. i°$t%%-$\&®% 1 ' *f & ;T & ' * 1 PAPR NH&*£^#^ 
PAPR 0L & 5t — PAPR ri- *t o 

4. -&» t ^ * -j is, n 15 3 *f #r & ^. 3r & • * t # i€ papr KH&^.&Ai-ir 

* » 

5. -fr M & m % 1 ^^ridt^.«-*'*t*rit PAPR l*"f&a^^ — 

PTS 2r * o . 

6. ^*#*iHI£ffl#3jM^/frsfc^#&'* + #& PAPR fcfaUfr 

ft H £.4$ HL#1 PAPR li ' PAPR flM&#-*t*l 

° 

7. 4» * #- Jg- *J & ffl $ 3^4*I^i&^#&>£-t1fri& PAPR GM&S# 
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& i& ^ ii If # Wfr *» M tft & 4^ ft -ft « # P APR {i » 
PAPR RM& tt $ ffl $k ftift i& & IS. #J IK .1, #1 /f >X *T i& & 

3Mt £ PAPR fc-teS/f ; 

^ afr i& #] 1ft & £ £ eMa ^ ^ ; 

& ii ft £■ t - & # ft If *fc t ! 

H ft 15" ifc #3 & # £ — & ^ fll J. £ — £p tfc A ^ ft 4£ 

w *» tie *p a* w t& & m ft «■ ^*Mr^*#^ft'ff «tt * 

— fi- # W J&* *l *& A H ft # * ' *t *Ti& PAPR ft- -I& « * 4* 4k *§* # i£ 

tf^Wfttett^af-^W^WtftA^ftteft^**. — # PAPR ft 

#L # 7ft i£ Ifl. A • 

9. t t%M.$\&m % 8 af #f & 31 & • £• t i£#J IK A#€L 

10. ^tx t JM'J & ® $ 8 3i#f >F & • * t # i£ PAPR ft 

PAPR tfL * £ — PAPR *fc ° 

%-*\&m% 11 0f & 41 3F & • &tl4i£ P APR ft id 4 

^ si 4H Ifl. A ° 

12.4» t t£4M'l & ffl ^ 8 *R ft HL * tik • * t i4L PAPR ftteS/f 
PTS # * - 

13. t If JM'J lalU % \Q *%fti&3LJj-&> PAPR fttem 

^&;fr7fri&lH+^ft'f£^<Kf P APR <jjfc • & £ t£ PAPR ft'te^-it*. 
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' * #A ft M i& % t& #1 in A «. vX &. M s4 44 <fj»] tn, A # ^ g£ 

14. ** * 1f JM'J Ig.HI 10 # 1 t.^f /St idt 41 ^r* • PAPR KM&ig. 
>f -g- frMfr f" # W #i W A H * <f « PAPR'fi ' &&Zt& PAPR 

RM& 4- #: & W #i ft # i& & 44 l£ #1 ifl. A a /f ^ & ffi j£ *6 fl§ #1 tfl. A # 

1 5. — & sfc si'm ftt 1 RM& <t # fcb #f * ^:#) in 

A # $fe » fe : 

* ft-m&lt « • « £ $U£1fl£g fe-l- PAPR FH&£iUFM& 

ttlF+HH^tt- «4l PAPRte - J.«©ttte3fc«.3fcJ-*'*x£#«tftA : 

1f ^W;fa#m At3 ^-ffSfc ; 

— PAPRF^^#^/^^^t£'^^*r^^#^^^^^ PAPR 

# iff x£ W tH. A 0 

16. ** * #**J4£B 15 *I/*/r*MliM£ • *t *Tsi PAPR 

ttiii- papr RM&^tL > m papr & a M ok w-M. A ° 

17. *»* tt-fM'J&B % 1 6 3C #r & 4: j& • ^tfii^t^f Hflcf 

ijc PAPR ft- *fc A it tt * 4f *! £ *fc • J-tfife PAPR ft<fe 

1 8 . *"fr # JM'J J£ B £ 15 *I /^ i& ^1 iM£ ' £ + UTidt PAPR 

— PAPR PAPR tfTii'M 

PAPR ftte#-tttf 'ffc'MtK.'A' **#ft« 

19. *»f &B £ 15 *f #f i&^liM/l ' PAPR ftte^&;& 
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Z $L 2. & ft fa & lb 3L %. t£ PAPR &4&$-$k • &m& PAPR ^ 

20. -k°$i% 19 *&mHLZ.k$fL > PAPR HM& 4- *t * 
£&f. tL-t-tetiLMfeB >i&te4SL$tm a &fci£ PAPR I* 4- *t 

$ ft IS ft IS ° 

2 1 . ■*» f If Jf- *I 16, III ^ 20 #r & & • £ t it fi eZ,^ — 

FEC % *$h 8 KJLZL— M-ary PSK If ' t% M-ary PSK 

U \%&fcM. FEC ft-iftSS ' m FEC tt^gjfcaPAPRft"te4-*t# FEC 

22. *»t«!--#-*J46aaap 21 * at & ^ & & - *tt^i«.A*^*fl* 

^ ^ 41 # £ ^ ; ^ ^ — # It # A H (symbol mapper) » $r ^ & *h <t 

jL&.£-Bm& * ^^^tll-^t- Mite /ft g=fcft 

ff iV-IFFT ^ -Sp W-IFFT V) € S ' XJL £ £. & W tfi. ,& « ft -ft 4fe ° 

^£ : — FEC £ %h B > ffi PAPR FEC £^ ; 

& — # «fe *h B (symbol mapper) • ft tg PAPR fc-f&#-*t*L£^# 

iV-iFFT m ft £ a ' >^ J. ^.tt-w m ft -if *6 0 

- £ ftfcn ft e • m— ft ^ £ ftj&-t ' 

ff- *1- * ft tir *fc • * + ' * £ ft&HftS &^ papr l*te*JU*i* 

-I& « f- fl-^ ft « «t 4: PAPR -fiL > J.#«ifcte*ft$fcJ'X'*aL*4 , m 
£ • 

— MtR&£-«&&i3ft&i. ' ^^#Jin.&^^#^ft^sft^ 

# i£ * ft $£ • £ dL — -W ft # *t • 




- PAPR NM&^it&Jt 3t£ ' 
« # PAPR te-tMf *T tK. A 0 

25. * fit Jf- #J la 111 15 24 *I #f i& 41 & fit • * 1 # & PAPR it & 
ttili- PAPR £ it • IS PAPR FH& £ & A ft & W & 0 

26. * JM'J ftffl $ 25 *I#Ti£4l &fit ' * t # & £ ftSfcl* £ Steffi 

ifi PAPR It ft tag. It « ° 

27.4»* If * #J fa® $ 24 *f #f i& fit • £ + ffii£ PAPR flH&£-itj* 
££t£4« — PAPR f$4&&J$Yk%.t£ PAPR l^^^-it^ W • ffii&#] 

*a. A 4fi<9|*1iq £££**« papr RM& 4- it -ftfcm A >u$kftfaz% 

^t^J&J£ft^ffii&^ft&-b - 

28. *» t tfr 4f- #J la IS 35 24 *K /9f i£*L fit • £- + ffi i& PAPR flM& * 
Jt & £ £ *i 4fc & *b j* Jt « PAPR &mt& PAPR 1^ 

29. *» |£H 15 2 8 3i /5>f i£ *L fit ' + ffi s£ P APR ft- it * 

£&£ & -£* — 4a to *f & • « 4Hfc *f- 46 H * « P APR ft- ^ it Hi 
&-ffis4£ft$fctH£S-» 

30. *x*ff4M'J&l§ 15 29 3i #f i£ fit ' £ t M&teto-ftJ&B tlt- 

FEC M-ary PSK tlS'if ^ ' ^ M-ary PSK #>fe 

H # FEC 4ft fl* H .#FEC4ftfl*gj&J£PAPRflM&#-it# FEC 

31. *» t 4M'J 46 99 15 30 * #r i£ fit • £■ tta^mA*^ * 

££ il-t : —tilfttiLyL£.±B • flU*;£Sffii& FEC ^k^jB^iH ft 
^zfy^fonfa^ ; — H (symbol mapper)' ^t£4£*j-te 

■ 7G B ft t£ £ — ft %t ' & -E.te# g =fcft #1 

-ft AMFFT ^ £p iV-IFFT ^ £ £ 31 • ^ J. £ t£ W 1R. 4 n$Lit*tfi ° 



2t£ : — FEC {&-%B ' ffl PAPR ft- FEC 4$ ; 

^& — #3fc*|->feg( symbol mapper) » Jjf M PAPR I*- -fig; it ^ fl* it 
^ *l *f i& J. — # *fc ' &Xtft^@=fc*U£#&^&ff /V-IFFT i£*p^ 

a^ifft t* * a ' >xi ± #-w m a*! ^it^° 
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